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The authors investigate the effects of information and communications technology (ICT) investment, electricity price, and oil price on
the consumption of electricity in South Korea’s industries using a logistic growth model. The concept electricity intensity is used to
explain electricity consumption patterns. An empirical analysis implies that ICT investment in manufacturing industries that normally
consume relatively large amounts of electricity promotes input factor substitution away from the labor intensive to the electricity
intensive. Moreover, results also suggest that ICT investment in some speciﬁc manufacturing sectors is conducive to the reduction of
electricity consumption, whereas ICT investment in the service sector and most manufacturing sectors increases electricity consumption.
It is concluded that electricity prices critically affect electricity consumption in half of South Korea’s industrial sectors, but not in the
other half, a ﬁnding that differs somewhat from previous research results. Reasons are suggested to explain why the South Korean case is
so different. Policymakers may ﬁnd this study useful, as it answers the question of whether ICT investment can ultimately reduce energy
consumption and may aid in planning the capacity of South Korea’s national electric power.
r 2007 Elsevier Ltd. All rights reserved.
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Over the last hundred years, energy, in the form of oil
and electricity, and information and communication
technology (ICT) have played increasingly important roles
in the processes of industrialization and economic growth.
There are many researches to investigate the effect of
energy on economic growth (Ferguson et al., 2000; Soytas
and Sari, 2003) and the effect of ICT investment on
economic growth (Colecchia and Schreyer, 2002; Jorgen-
son et al., 2003; Lee et al., 2005). Especially the research
investigating the relation between ICT investment and
economic growth has been performed in various levels such
as ICT infrastructure and national economic growth
(Norton, 1992; Ro¨ller and Waverman, 2001) and ICT
investment and industry-level productivity (Swierczek ande front matter r 2007 Elsevier Ltd. All rights reserved.
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(J. Lee), tykim@snu.ac.kr (T.-Y. Kim).Shrestha, 2003; Osei-Bryson and Ko, 2004). ICT invest-
ment has been found to have positive impact on economic
growth and productivity by and large, although there is a
debate on this issue, which is called productivity paradox.
The relationship between ICT investment and energy
consumption has attracted relatively little attention in spite
of its economic and environmental importance. In general
ICT investment results in two conﬂicting effects vis-a`-vis
energy consumption. First, it can reduce demand for
electricity through the process innovation—the substitu-
tion of a new technology for an old production technology
that brings with it a lower level of energy consumption.
Second, ICT equipment typically needs electricity to
operate, and therefore installation and operation of new
ICT equipment increases demand for electricity. In general
the former is called the substitution effect and the latter is
called the compensation effect (or often called income effect)
(Pasinetti, 1981; Edquist et al., 2001). Some scholars have
investigated the issue, using different approaches and
arriving at various conclusions. For example, Takase and
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1GDP per capita of South Korea is 793 U.S. Dollars in 1970 and 8,203
U.S. Dollars in 1990 based on the current price and PPP (OECD,
Statistics, http://ststs.oecd.org/wbos/). GDP per capita of South Korea for
2005 is about 16,306 U.S. Dollars. (World Bank, Data & Statistics, http://
worldbank.org/).
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energy consumption and CO2 emissions in Japan and the
United States. They divide the effect of ICT investment on
energy use into substitution and income effects, and they
conclude that Japan would conserve energy as a result of
ICT investment, but that increasing ICT investment in the
United States would increase energy use. That is to say, the
substitution effect is dominant in Japan, and the income
effect is dominant in the United States. Romm (2002)
investigates the effects of investment in the Internet on
energy demand and concludes that it brings about
efﬁciencies throughout the economy that have resulted in
signiﬁcant declines in electricity intensity and energy
intensity, which is different from what Mills (1999) ﬁnds.
The current study uses an empirical process to examine
the effects of ICT investment on demand for electricity to
understand which of the aforementioned effects is domi-
nant in South Korea’s industrial sectors. The study begins
by investigating dynamic trends in electricity intensity,
which is deﬁned as the ratio of electricity consumption to
value added. To perform this analysis we have classiﬁed all
South Korean industries into 11 sectors and gathered data
on electricity consumption, price of electricity, ICT
investment, and ICT stock in each sector for the period
1991–2003. We then analyzed the effects of electricity and
oil prices as well as ICT investment on electricity
consumption in each sector using a dynamic logistic
diffusion model.
This sort of analysis allows us to identify sectors that
make efﬁcient use of ICT to reduce electricity consumption
and others that do not. We can identify the saturation level
of electricity intensity in each sector, which is crucial for
countries such as South Korea that do not produce oil and
whose economic health is strongly inﬂuenced by interna-
tional energy prices. With the results of the analysis, we can
forecast electricity demand in each sector using exogenous
forecasting data related to the price of electricity and the
ICT investment plan. Finally, based on those results, we
can suggest a hierarchy of future ICT investment by
industry.
2. Background
South Korea’s manufacturing industries and ICT sector
have achieved remarkable economic growth notwithstand-
ing the country’s lack of natural energy resources. Those
industries have invested heavily in ICT during the last
decade based on the widely held assumption that ICT
investment increases the efﬁciency of production processes
by allowing one to use energy more efﬁciently, eventually
reducing production costs.
The government of South Korea invested intensively in
the manufacturing sectors from 1970 to 1990 in the
framework of an outward-oriented, export-based growth
strategy that was considered to be the best development
strategy for a country that has almost no natural energy
resources. This kind of industrial strategy contributed tothe marvelous economic growth achieved during that
period.1 However, South Korea’s manufacturing industries
faced ﬁerce competition from other developing countries’
manufacturing industries, which began to enjoy a compe-
titive edge in terms of lower wages starting in the late
1980s. South Korea’s manufacturing industries tried to
improve the quality of their ﬁnal products and to reduce
production costs in order to stay competitive. As a result,
industries invested heavily in ICT in the 1990s and the
country’s industrial manufacturing structure shifted away
from the traditional labor-intensive structure of the 1970s
and 1980s toward a structure dominated by sectors that use
automated production technology.
However, that change in development strategy brought
about certain side effects, one of them being increased
energy, especially electricity, consumption. As Fig. 1a
demonstrates, absolute electricity consumption by the
manufacturing sector increased by three and a half times
during the 15-year period from 1988 to 2002. At the same
time, as Fig. 1b shows, the ratio of electricity consumption
in the manufacturing sector to total electricity consumption
in South Korea decreased from 62% to 49%, whereas the
same ratio for the service sector increased from 16% to
30%. To explain the contradiction, we must look at growth
in the service sector and at the role ICT plays in the
manufacturing sector.
The transition of South Korea’s economy from a
manufacturing-oriented to a service-oriented economy
can be seen easily by inspecting the changes in the
employment structure and the ﬂow of employees. Table 1
shows employment share by industry in South Korea over
a 10-year period. The share of total employment assumed
by the service industry (S01) increased rapidly, so that as of
2000 almost two-thirds of all employees were engaged in
services. On the contrary, shares held by manufacturing
industries mostly decreased, with increases in shares of
total employment seen only in petroleum and coal products
(S07) and general machinery and equipment (S10).
In addition, Table 1 shows that the ratio of value added
in the service sector to total national value added decreased
from 63.2% in 1991 to 60.6% in 2003, whereas the same
ratio for the manufacturing sector increased. That is
especially the case for S10, where the ratio increased from
10.9% in 1991 to 18.0% in 2003.
Based on trends in electricity consumption, employment,
and value added, we infer that South Korea’s overall
manufacturing sector transformed itself from a labor-
intensive sector to an automated production-based sector
through ICT investment, achieving higher levels of value
added. This implies that South Korea’s manufacturing
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Fig. 1. Electricity consumption trends by sector. (a) Absolute consumption (GWh). (b) Percentage of total consumption. Source: Korea Electric Power
Corporation (http://www.kepco.co.kr/).
Table 1
Shares of South Korea’s total employment and value added by sector
Sector Industry Employment Value
added
1990 1995 2000 1991 2003
S01 Servicea 53.6 61.4 67.4 63.2 60.6
S02 Agriculture, forestry, and ﬁsheries 18.5 14.4 13.4 7.4 4.3
S03 Mining and quarrying 0.5 0.3 0.1 0.6 0.3
S04 Food, beverages, and tobacco 2.8 2.1 1.7 3.0 2.6
S05 Textile products and leather
products
7.1 4.6 3.1 3.9 2.3
S06 Wood/paper products and printing 1.9 1.6 1.4 1.6 1.9
S07 Petroleum and coal products 1.8 1.7 2.1 4.5 5.6
S08 Nonmetallic mineral products 2.3 2.1 0.7 1.7 1.4
S09 Primary metal products 2.5 2.3 0.7 2.2 2.4
S10 General machinery and equipment 8.0 8.5 8.8 10.9 18.0
S11 Other manufacturing industries 1.0 1.1 0.8 0.8 0.6
Stotal All Korean industries 100.0 100.0 100.0 100 100
Source: Employment (Bank of Korea, Employment Table in Input-Output
Tables, http://ecos.bok.or.kr/): Value Added (Bank of Korea, Systems of
National Account, http://ecos.bok.or.kr/).
aIncludes public service and electric railway.
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labor input but higher electricity input.
Along with changes in its structure, the South Korean
economy faces new challenges due to constantly increasing
energy prices. Especially because South Korea depends on
nuclear energy and oil energy for its electrical power, with
all oil being imported, increasing energy efﬁciency and
reducing electricity consumption simultaneously is of utter
importance for stable economic growth. South Korea’s
electricity industry had been a government monopoly, but
beginning in 2000 the government restructured that
industry to introduce competition in electricity generation
and wholesaling for the purpose of market efﬁciency.
Electricity retailing should see competition beginning
around 2010 (Lee and Ahn, 2006).3. Model speciﬁcation
As a result of the seminal studies of Griliches (1957) and
Mansﬁeld (1961), the logistic diffusion model has been
widely used to explain the S-shaped product life cycle in
new innovation demand forecasting. Logistic models are
attractive when the time series under study is assumed to
have a certain saturation level. Researchers have applied
logistic models to the diffusion processes of wireless
telecommunications (Frank, 2004), public policy (Gray,
1973), production technology adoption (Mansﬁeld, 1989),
electricity consumption (Mohamed and Bodger, 2005a,
2005b), energy consumption (Skiadas et al., 1998), and so
on.
The basic logistic growth function is speciﬁed as follows:
yðtÞ ¼ y

1þ eðaþbtÞ , (1)
where a and b are parameters to be estimated. Parameter a
determines the starting point of the curve, and parameter b
affects the steepness of the curve, namely the rate of
growth. Eq. (1) implies that
lim
t!1
yðtÞ ¼ y. (2)
Therefore y* represents the saturation level to which y(t)
converges with the course of time.
In this study we use a modiﬁed logistic growth model to
investigate the trend of electricity intensity (EI)—that is,
the ratio of electricity consumption to value added—in
South Korea’s industries. Of course, we could use the data
on the amount of electricity consumption directly in order
to investigate the growth of electricity consumption by
means of the logistic model, but that method suffers from a
potential problem mentioned by Golden and Zantek
(2004). The saturation level of electricity consumption
exists only when the South Korean economy does not grow
(remains stagnant). Thus, if we use data on electricity
ARTICLE IN PRESS
2We test four different models considering the effect of economic crisis
on electricity consumption. One model assumes that dummy variable
representing economic crisis has no effect on electricity intensity, and the
others assume that dummy variable has an effect on saturation level,
steepness of the curve, and electricity intensity, respectively. We compare
the results of four different models and ﬁnally ﬁnd out that the model
assuming a direct effect of dummy variable on electricity intensity (Eq. (7))
shows better performance in terms of R2 with more signiﬁcant estimates
and less standard error than other three models.
Y. Cho et al. / Energy Policy 35 (2007) 4730–4738 4733consumption directly, we cannot use a logistic diffusion
model because there exists no saturation level except for
the stagnation case. In general, the absolute amount of
electricity consumption is expected to increase as South
Korea’s economy grows. For that reason we abandon the
concept of electricity consumption in favor of electricity
intensity, which converges to a certain limiting value if one
uses a logistic function with an assumption that there is no
world-shaking technological advance in production tech-
nology to reduce electricity consumption dramatically.
Energy intensity is deﬁned as the amount of energy
needed to execute a certain economic activity which is
measured by value-based or volume-based output. There is
a discrepancy between value and volume-based indicators
of energy intensity so that the interpretation of energy
intensity should be taken cautiously. In general the use of
value-based relative to volume-based in a measure of
energy intensity is more desirable when the level of industry
aggregation is higher (Freeman et al., 1997). The change of
aggregate energy intensity could be decomposed into two
factors–change in industrial activity composition (i.e.
structural change effect) and change in sectoral energy
intensity (i.e. intensity effect). Energy intensity is often used
as a measure of the efﬁciency of energy utilization and
sectoral energy intensity is considered a better measure of
energy efﬁciency than the aggregate energy intensity (Ang
and Zhang, 2000).
In this paper, we only consider electricity consumption
among various types of energy by sector, so we use the
indicator of sectoral electricity intensity measured by value-
based output. Thus, EI of the ith sector at time t is deﬁned
as the ratio of electricity consumption to value added.
Therefore EI indicates the amount of electricity required to
produce one unit of value added:
EIit ¼
ðElectricity ConsumptionÞit
ðValue AddedÞit
, (3)
where the subscript it denotes the ith industry at time t. The
empirical speciﬁcation of EI used in this study is given as
follows:
EIit ¼
EImax;it
1þ eðaiþbitÞ , (4)
where EImax;it is the saturation level of electricity intensity
of ith industry at time t. We can estimate the values of a, b,
and EImax by nonlinear least squares directly. However, a
substantial number of studies make use of exogenous
factors that affect the saturation level and rate of growth.
Harris and Liu (1993) found that prices play a major role in
explaining the consumption of electricity, while Skiadas
et al. (1998) also found that energy intensity, deﬁned as the
ratio of energy consumption to gross domestic production,
and its saturation level are inﬂuenced by the price of
energy. For that reason we include electricity and oil prices
as explanatory factors of the growth pattern of electricity
intensity. We also include ICT stock as an exogenous
variable in order to investigate the inﬂuence of ICTinvestment on electricity consumption:
EImax;it ¼ ai1 þ ai2  KICT ;it and (5)
bit ¼ bi1  PE;it þ bi2  PO;t, (6)
where KICT, PE, and PO refer to ICT stock, electricity price,
and oil price respectively.
Many scholars who have examined the productivity
paradox conclude that it takes some time for an ICT
investment to have an impact on output, productivity, or
production methods (Kraemer and Dedrick, 1994; Bryn-
jolfsson and Hitt, 1998; Sichel, 1999; Lipsey, 2002; Pilat,
2004). Let us term such time lag p. In this study we include
the time lag effect in Eq. (5) to investigate whether a change
in EI due to the modiﬁcation of a production method (or
productivity) happens after a time lag.
We also include the economic crisis dummy variable in
Eq. (4) to capture the effect of the economic crisis in South
Korea in December 1997. Because of the economic crisis,
South Korean companies experienced dramatic increase in
input factor prices including domestic energy prices,
reduction of gross production, and even many of them
faced bankruptcies. Simultaneously, most of the Korean
companies carried out restructuring the organization and
economizing energy use aimed at reducing production costs
in order to survive in global competition. We can easily
ﬁnd out that the electricity consumption drops suddenly in
1998 in Fig. 1.
Including the exogenous factors already mentioned and
considering the time lag effect of an ICT investment, the
ﬁnal model is speciﬁed as follows2:
EIit ¼
ai1 þ ai2  KICT ;iðtpÞ
1þ expfai  ðbi1  PE;it þ bi2  PO;tÞtg
þ gi;EC DEC ,
(7)
where KICT ;iðtpÞ is ICT stock at time (tp) and p captures
the lag effect of cumulative ICT investment on EI. DEC is a
dummy variable representing a economic crisis which takes
a value of one in 1998 and zeros otherwise. If Eq. (7) shows
high explanatory power with p ¼ 2 in the ith industry, we
can say that the change in EI is realized two years after the
time at which the ICT investment is made. Using this
equation allows us to examine the effects of ICT
investment, electricity price, and oil price on electricity
intensity separately.
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Table 2
Estimation results
p a1 a2 a b1 b2 gEC R
2
S01 0 324.507*** 2.220*** 0.860*** 1.861*** 0.404E-03 2.251 0.997
(3.735) (4.340) (2.643) (4.612) (0.419) (0.342)
S02 0 167.595*** 0.566*** 0.574*** 5.057 0.951E-02 2.280 0.992
(9.278) (4.914) (3.878) (1.097) (0.878) (0.211)
S03 0 6643.017 15.9698 2.483 0.177 0.572E-03 138.299** 0.840
(0.003) (0.003) (0.008) (0.0414) (0.032) (1.997)
S04 2 169.112 4.918*** 5.387*** 15.520*** 0.676E-02* 8.116 0.799
(1.469) (2.996) (8.243) (6.673) (1.937) (0.291)
S05 2 1172.397*** 0.255 0.335 2.400 0.355E-01 137.222*** 0.975
(35.619) (1.048) (1.255) (0.130) (0.716) (3.560)
S06 2 1292.567*** 0.764 0.974 23.801 0.316E-01 62.098 0.688
(10.646) (1.579) (1.483) (0.880) (0.785) (0.714)
S07 1 1023.531*** 0.368 6.829*** 12.876*** 0.283E-02 36.628 0.409
(29.105) (0.920) (5.382) (3.869) (0.460) (0.870)
S08 2 1223.904*** 33.267** 2.909*** 9.482*** 0.255E-02* 80.308 0.942
(5.665) (2.472) (5.760) (8.501) (1.653) (0.973)
S09 0 2613.052*** 0.606** 0.061 5.814 0.375E-01 93.143 0.866
(13.275) (2.007) (0.214) (0.413) (0.853) (0.485)
S10 0 420.275*** 0.021*** 2.674*** 5.944*** 0.870E-03* 7.089 0.956
(25.874) (2.844) (6.767) (15.925) (1.723) (0.586)
S11 2 437.521*** 0.567 0.705*** 32.886*** 0.380E-01*** 10.037 0.984
(10.026) (1.367) (3.274) (4.826) (3.301) (0.557)
Stotal 0 10311.370
*** 0.008 0.659*** 5.902 0.415E-01 632.242 0.920
(23.350) (1.590) (2.712) (0.556) (0.998) (1.230)
Numbers in parentheses below coefﬁcients are t-statistics.
*** Signiﬁcant at 1%; ** signiﬁcant at 5%; * signiﬁcant at 10%.
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To perform the analysis more efﬁciently, we classiﬁed all
industries in South Korea into 11 sectors (see Table 1). We
gathered the data for our analysis from various sources:
amount of electricity consumption by sector comes from
the Korea Electric Power Corporation (http://www.kep-
co.co.kr/); data on ICT stock are from Seo and Jeong
(2003); electricity prices by sector are taken from the
Report on Mining and Manufacturing Survey, available
from the Korean Statistical Information System of Korea
National Statistical Ofﬁce (KOSIS, http://kosis.nso.go.kr/
); value-added ﬁgures are from the System of National
Accounts, also available from KOSIS; and oil prices are
taken from Yearly Energy Statistics, available from the
Korea Energy Economics Institute (KEEI, http://
www.keei.re.kr/). All data cover the period from 1991 to
2003. We converted each price to the constant value in
1995.
We estimate Eq. (7) by changing the value of p using
nonlinear least squares by sector. Table 2 shows the
estimation results of Eq. (7) with lag structure information
best suited to the data from the view of R2 and standard
errors of parameter estimates. Fig. 2 shows the real and
estimated electricity intensity, computed with the estimated
parameters shown in Table 2 for the 11 sectors. The
estimation results suggest that our model explains elec-
tricity consumption patterns in the South Korean indus-tries fairly well. In addition, we estimate for the total South
Korean industrial sector (Stotal) using the weighted-average
electricity price and the total electricity consumption data.
The result shows that R2 of Stotal is 0.920 once again
conﬁrming that the proposed model explains South Korea’s
industrial electricity consumption pattern very well.
We ﬁnd that a2 is signiﬁcant in S01, S02, S04, S08, S09,
and S10, as shown in Table 2. In 1991, those six sectors
consumed 65.5% of the total electricity consumption of
South Korea’s industries; in 2003, that ﬁgure was about
71.9%. Among those six sectors, a2 for S09 is negative,
meaning ICT investment contributes to the reduction of
electricity consumption in that manufacturing sector and
that it eventually contributes to the reduction of produc-
tion costs if there is no change in other input factors.
Contrary to what is true for S09, a2 for the service sector
(S01) and for the other four manufacturing sectors is
positive meaning that ICT investment in those ﬁve sectors
contributes to the increase of EI. This result has been
discussed and explained in Section 2.
a2 for Stotal is estimated to be negative and not
signiﬁcant. Although ICT investment produces different
effects on electricity consumption from sector to sector, we
infer with care that such investment does not reduce or
increase electricity consumption as a whole, although it
contributes to the modiﬁcation of production methods to
some extent. That is to say, the compensation effect is
dominant in ﬁve sectors and the substitution effect is
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Fig. 2. Real and estimated electricity intensity by industry sector. ( Real EI Estimated EI, EI ¼MWh/billion Woni) 1026.6 Korean Won is
equivalent to 1 U.S. Dollar during 1991–2002 on the average, and 938.3 Korean Won is 1 U.S. Dollar at the end of February 2007 (KOSIS, Trade, Foreign
Exchange, and Exchange Rate, http://kosis.nso.go.kr/).
Y. Cho et al. / Energy Policy 35 (2007) 4730–4738 4735signiﬁcant in one sector, but we cannot say that ICT
investment has one dominant effect in South Korea’s
national industries.Next, the price of electricity affects consumption of
electricity in six sectors: S01, S04, S07, S08, S10, and S11.
In four of those six, as the price of electricity goes up, EI
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Y. Cho et al. / Energy Policy 35 (2007) 4730–47384736goes down. This means that as electricity becomes more
expensive, companies change their production methods so
as to use less electricity and lower production costs.
Coefﬁcient b1 is positive in two of those six sectors, S01
and S11. Coefﬁcient b1 is not signiﬁcant in the other ﬁve of
the 11 sectors and for the national economy of South
Korea, Stotal. This result, that just one-third of South
Korea’s industries are inﬂuenced by electricity price in the
expected direction, is somewhat different from some results
obtained in previous studies that indicate that the price of
electricity plays a very important role in electricity
consumption. What could explain this rather surprising
result?
First, the price of electricity has varied very little in
South Korea. The annual price change rate of South
Korean electricity has stayed in a range from 4% to 3%
during the last decade, and it has been almost 0% on
average. This price pattern for electricity should be
considered against the general inﬂation environment for
the same period in South Korea. Furthermore, the price of
electricity has been relatively lower in South Korea than in
the other Organization for Economic Co-operation and
Development (OECD) countries by 7% on average over
the last 10 years (OECD International Energy Agency,
2001–2005). South Korea’s price pattern is explained by the
fact that the government has considered the electricity
industry to be part of a national infrastructure and the
basis for the country’s fast and stable economic growth,
and thus the electricity price has been ﬁxed at artiﬁcially
low levels and not tied to changes in oil prices. This is also
why b2, which represents the effect of the price of oil on
electricity consumption, is not signiﬁcant for most of the
sectors or for the country’s national economy. Therefore, it
seems that electricity price does not affect consumption of
electricity in the ﬁve aforementioned sectors and that there
is no need for those sectors or the national economy to
respond to electricity price changes. In other words, South
Korea’s industries have a production system that is
appropriate for an overall system that provides low-priced
electric power ﬁxed by government.
Next, sectors showing a relatively low R2 that cannot be
explained by the proposed model are distinguished by a
labor- (or other input) intensive production structure
rather than by an electricity- or ICT-intensive production
structure. The petroleum and coal products sector (S07),
especially, is traditionally regarded as process industries
that use huge installation facilities requiring substantial
investments early on and oil energy rather than electricity
in production process. While the ratio of electricity to total
energy used in S07 is 4.8% and 5.7% in 1995 and 2001,
respectively, the ratio of oil to total energy is 84.3% and
86.5% in 1995 and 2001. Moreover this ratio of oil reaches
to 90.5% in 2004 (KEEI, Census Statistics-C420, http://
www.keei.re.kr/). This means that S07 is highly oil energy
intensive sector and has production process mainly based
on oil energy. Therefore ICT investment in S07 may take
effect much more on the oil intensity than on the electricityintensity if the effect of ICT investment on energy intensity
exists. This is the reason why the proposed model shows
relatively low R2 in S07 and discrepancy between estimated
and actual data in Fig. 2.
Under the proposed model several sectors show a high
R2 with p 6¼0. Eq. (7) with p ¼ 1 and 2 is best suited to the
data in one sector and ﬁve sectors, respectively. This
ﬁnding coincides with results found in productivity
paradox studies. We conﬁrm that ICT investment needs
some time to adjust or modify existing production methods
and to bring about productivity change; such a lag
phenomenon is found conspicuously in the manufacturing
sectors compared with the service sector. We think that is
because the service sector is more dynamic and more
competitive. Therefore, the service sector needs more
ﬂexibility in the modiﬁcation of its production methods
for survival so that the ICT investment begins to work
without delay.
In terms of dummy variable DEC which represents a
sudden decrease of electricity consumption in 1998, its
coefﬁcient gEC is only statistically signiﬁcant in two sectors
(S03 and S05) and is not signiﬁcant in service sector and
major manufacturing sectors of South Korea. This is
somewhat contrary to our expectation that economic crisis
might make some effect on energy intensity as economic
crisis brings about a lot of sudden changes in social and
macroeconomic indicators of South Korea in 1998. There-
fore we infer with care that economic crisis happened in
December 1997 mainly affects the consumption of elec-
tricity in quantity, but does not cause substantial change in
electricity intensity, i.e. in the structure of production
method or in the efﬁciency in electricity use.
Combining our ﬁndings, we suggest that ICT investment
in the manufacturing sectors that have used relatively large
amounts of electricity promotes input factor substitution
from the labor intensive to the electricity intensive, so that
labor moves to the service sector and electricity consump-
tion is increased in South Korean industries. Therefore, we
can say that the structure of South Korea’s economy has
been changing simultaneously with the change in the
electricity consumption pattern. That is to say, as a result
of ICT investment the manufacturing industries become
less labor intensive and the South Korean economy is
transformed from a manufacturing-focused economy to
one that is service industry based.
5. Conclusion
The paper investigates the effects of ICT investment and
energy price on consumption of electricity in South Korea’s
industries. We suggest a dynamic growth model in which
the saturation level of electricity intensity is affected by
cumulative ICT investment, and test a methodology by
which one can identify whether ICT investment in a sector
reduces or increases electricity consumption. From the
result of empirical analysis we conﬁrm that growth model
generally used in demand forecasting of new product could
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Moreover, this analysis answers the questions of whether
ICT investment can change production methods and
whether it can reduce electricity consumption patterns.
From the analysis we infer that ICT investment increases
electricity intensity in the service sector and in most of the
manufacturing sectors that use relatively large amounts of
electricity. We also ﬁnd that ICT investment in some
manufacturing sectors brings about a change in production
methods after a time lag and that the electricity needed to
produce one unit of value added is increased as a result of
the change in production methods caused by the ICT
investment. However, service sector shows different char-
acteristic from other manufacturing sectors in which ICT
investment increase electricity intensity in that the ratio of
labor engaged in service sector has been also increased
while the ratio of labor in other manufacturing sectors has
been decreased. This means that electricity needed for
producing one unit of value added in service sector has
been increased in spite of increased labor input. If we do
not consider the quality of ﬁnal product, we can say that
the efﬁciency in electricity use has been worse in service
sector so that service sector needs effort to increase the
efﬁciency in electricity use, i.e. effort to decrease the
electricity intensity, through the efﬁcient use of ICT.
In addition, we ﬁnd that South Korea’s manufacturing
industries that consume relatively large amounts of electric
power are sensitive to electricity price changes. However,
taken as a whole, the South Korean industries are
less sensitive to change in electricity price due to the
low electricity price policy implemented by the govern-
ment. In South Korea, the energy price has been heavily
subject to regulation and taxation so that there has
been a serious distortion in energy price, and industrial
sector is less sensitive to price shocks at least for the short
run (Kim et al., 2001). Therefore it is recommended that
the South Korean government should manage the speed
and degree of the restructuring of electricity industry so
that the South Korean industries can adapt themselves to
the restructuring and anticipated price change consequent
upon it.
We ﬁnd that ICT investment reduces electricity con-
sumption in only one manufacturing sector and that it
increases electricity consumption in other ﬁve sectors
including service sector in South Korea. However, it
should also be noted that this result does not assert that
efﬁciency in electricity use is increased in one sector and is
decreased in ﬁve sectors, because sectoral electricity
intensity does not necessarily mean the efﬁciency in
electricity use. It can be explained by two reasons. First,
sectoral electricity intensity is also affected by product mix,
for example electricity intensity of ith sector could be
improved when the sector produces new higher value
added product. Second, efﬁciency in electricity use should
be measured by electricity consumption together with other
input factors such as labor and non-ICT stock which are
used in the production of one unit of value added.The answer to the question of whether ICT investment
decreases (or increases) electricity demand in South Korea
varies from sector to sector, but ICT investment is found to
increase the electricity intensity, i.e. to raise electricity
consumption needed for producing one unit of value
added, by the substitution of labor input in South Korean
manufacturing sectors. Although ICT investment brings
about change in input mix, i.e. less labor-intensive and
more electricity-intensive, in South Korean manufacturing
sectors, we cannot generalize this result with regard to the
relationship between ICT investment and electricity con-
sumption (or efﬁciency in electricity use) without further
empirical researches including multi-national comparison
and cross-sectoral analysis. Especially the research using
volume-based indicator of electricity intensity together
with value-based indicator is needed for the exact
investigation of the relationship between ICT investment
and efﬁciency in electricity use.
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